A procedure has been developed for purifying specific mRNAs by hybridization to fragments of DNA and isolation of the hybrids by potassium iodide equilibrium buoyant density centrifugation. The hybrids obtained are essentially free of unhybridized RNA as well as double-stranded RNA. Moreover, the RNA in the hybrids is undamaged and can be translated in vitro. Application of this procedure to mapping vaccinia virus genes is described. A total of 34 polypeptides have been assigned to three regions of the viral genome.
INTRODUCTION
Several different strategies for the mapping of gene products to specific regions of a large genome have been described. Isolated DNA fragments have been used as templates for sequential transcription and translation in vitro (1,2), or to specifically arrest the translation of mRNAs to which they hybridize (3), or to physically isolate hybridizable mRNAs which can then be translated. The purification of hybrids has been achieved either using DNA fragments immobilized to solid supports (4,5), or using solution hybridization followed by an isolation procedure such as hydroxyapatite chromatography (6) or gel exclusion chromatography (7). After denaturing the DNA, the hybridization was performed at 37° in 80% formamide and 0.44 M Na ions. This is only 3° above the "irreversible melting temperature" expected for a 39% (C+C) DNA (18), so higher than average G+C regions of the DNA may renature under these conditions. Nevertheless, R-loops would be expected to form in these regions and might actually aid in the isolation of hybrids by shifting their buoyant density closer to the density of double-stranded DNA (19) . Also, by keeping the temperature low, the probability of hybridizing (A+T) rich mRNA was increased.
To drive most of the high and medium abundance mRNAs into hybrids, the RNA to DNA mass ratio was fixed at tion was achieved, particularly in the case of CAR RNA, by a second centrifugation (Fig. 1B,D,F,H) . Control experiments showed that the small amount of uninfected cell RNA in the hybrid density region was removed during the second centrifugation (Fig. 1A,B) . Although the CYCLO and LATE RNAs appeared to be substantially pure after only one cycle, two cycles of centrifugation were routinely used to ensure minimal contamination.
Quantitative analysis of this experiment (Table 1) shows that this procedure allowed recovery of about 50% of the DNA, and presumably of a similar proportion of the hybrids. When the proportion of RNA radioactivity which was recovered is corrected for the recovery of DNA (last column, RNA isolated by hybridization to total vaccinia virus DNA was tested for its ability to direct protein synthesis in the message dependent reticulocyte lysate system (22) . Approximately 75% of the RNA which was recovered after hybridization to 7.2 pg of DNA was added to a 10 |Jl incubation, and the products analyzed by gel electrophoresis (Fig. 2) . Little or no translatable RNA from uninfected cells was isolated in the hybrid density region of KI gradients. The only bands seen were synthesized from endogenous RNA 
7)
• 1) a 420 pg of 3 H-labeled total cytoplasmic RNA was hybridized with 7.2 |Jg of 32 P-labeled total vaccinia virus DNA. Samples were taken for scintillation counting after hybridization and after purification of hybridized RNA through two cycles of KI gradient centrifugation.
The % RNA recovered, corrected for recovery of DNA, is indicated in parentheses. Table 2 shows that a significant proportion of either CYCLO, CAR or LATE RNA hybridized to each of the Hind III fragments used. The amount of labeled In Expts. 1, 2 and 3, the % RNA bound was corrected for the actual recovery of DNA. In Expt. 4, this value was assumed to be 75%.
Not determined because of low specific activity of the RNA used.
Non-sonicated virus was used for infection. In vitro translation of this RNA before hybridization suggested that a large proportion of cellular mRNA was present in CYCLO and CAR samples. The RNA selected on different restriction fragnents was translated in vitro and the products were analyzed by gel electrophoresis (Fig. 4) Approximately equal counts from each sample were analyzed on the gel. The spots mark polypeptides listed in Table 3 . 
